Amyloid beta: a putative intra-spinal microtubule-depolymerizer to induce synapse-loss or dentritic spine shortening in Alzheimer's disease.
A loss or shortening of dendritic spines has been described in patients with neurodegenerative disorders such as Alzheimer's disease, but the underlying mechanisms are poorly understood. Recently, there have been four reports of capture of the plus-ends of microtubules in the dendritic spines. One report, based on acute hippocampal slices that were fixed by a microtubule preserving process after LTP-inducing stimulation, showed that microtubules of the dendritic shaft ramified into spines in a manner that was specific to the stimulated postsynaptic membranes. This resulted in enlarged protrusion of the dendritic spines. Other reports using living cultured neurons, showed that growing microtubule plus-ends enter spines and modulate spine morphology. Since microtubules originate from the centrosome, these four reports strongly suggest a stimulation-dependent connection between the nucleus and the stimulated postsynaptic membrane by microtubules. Several pieces of evidence suggest that spine elongation may be caused by microtubule polymerization. Firstly, the entry of plus-ends of microtubules into spines accompanies spine enlargement. Further, microtubule-associated protein-1B is over-expressed in Fragile X syndrome, in which spines are much elongated. Chronic stress causes neurite outgrowth and spine elongation. Polymerization of microtubules caused neurite outgrowth and microtubules-depolymerizing agents neurite retraction, both consistent with the proposition that spine elongation is caused by microtubule polymerization. This structural mechanism for spine elongation suggests, conversely, that synapse loss or spine shortening observed in Alzheimer's disease may be caused by depolymerization of intraspinal microtubules. The fact that a new drug, dimebon, shows promising results against memory disturbance in Alzheimer's patients and can also cause neurite outgrowth in cultured neurons may also support this idea. Amyloid activates GSK-3beta and it causes the abnormal hyperphosphorylation of tau and depolymerization of axonal microtubules, resulting in the impairment of axonal transport. Normal tau is mainly present in the axon, but hyperphosphorylated tau newly distributes to the dendrites and sequesters normal tau, MAP1A/MAP1B and MAP2, and may cause disruption of intraspinal microtubules by losing the microtubule-preserving effect of MAPs. Nevertheless, it may be strongly suspected that amyloid beta may be a putative intra-spinal microtubule-depolymerizer to induce spine shortening, synaptic loss and finally the memory disturbance in Alzheimer's disease.